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Data Mining Success Needs

Science Drivers
[A priori or data
Driven hypotheses]

Observing/ Data Mining

Data System Technology
[Sensors, resolution [Computer Science/

data access] Statistics]
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What are the dominant influences on
vegetation greenness?

Climate
Terrain
Vegetation
Greenness Soils

Land Cover
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INPUTS

Elevation

Slope

Aspect

Compound Topographic Index
Distance to Nearest Stream
Percent Sand

Percent Silt

Percent Clay

Land Use/Land Cover

Possibly many more ...

_ @ OUTPUT
“%, April 2000 ]  Average

% April 2001 . Enhanced
- April 2002 Vegetation 13
- April 2003 ] Index for April




Pixel | EVI Albedo | LAI Geo Learn
1 0.4 02 | 03 System
2 0.3 0.2 0.1

Architecture

HIS WEB
Services

ASA Data Sourc

Other Data

Sources
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US MODIS Tiles
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Spatio-Temporal Resolution issues in HDF data

processing
Datasets Projection | Resolution | Geospatial Time Data Size
Name (meters) data type Period (MB)
(days)
EVI/NDVI | Sinusoidal 250 Grid 16 495
LAI/ FPAR | Sinusoidal 1000 Grid 8 6
LAND Sinusoidal 1000 Grid 96 22
COVER
LST/ Sinusoidal 1000 Grid 8 20
EMISSIVITY
SNOW Sinusoidal 500 Grid 8 11
COVER
ALBEDO Sinusoidal 1000 Grid 16 68




Remote Sensing Data processing
Workflow

EVI

LST

LAl 250mX250m :>
A Screening 16 day
EMI Q 7

Adjusted Raster and
DEM Adjusted Spatial and Vector Geographic
Temporal Resolution Projections
Labeled Invalid Pixels ﬂ
Pixel | EVI LST LAl | EMI DEM
1 04 300 0.3 0.5 240 <
2 0.3 301 0.1 0.3 242
Formed Mask for
3 0.2 298 0.1 0.6 240 Extracting Features
Extracted Features

in Tabular Form
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File Edit Tools Views RAD Help

=BE

a
B
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¢ [Jncsa.d2kmodules
@ [Jcore

@ ] contral
& ] datatype
¢ [ discovery
@ ] cluster
@ [J ruleassociation
& Jio
¢ [ optimize
@ [ random

@ CreateExample

@ DoubleArrayModelEvaluator
@ MultiTrainTestBiasEvaluator
@ SimpleModelEvaluator

® SimpleModelEvaluator2

¢ [ prediction
& 7 decisiontree
&= 7 evaluators
& ] instancebased
@ I mean
@[] naivehayes
@ ] neuralnet
@ [ regression

&= ] regression

@ 7 svim
B ApplvFunctioninducer
B ApplyFunctioninducerithBagging
B ApplvFunctioninducendithBoosting
B CatchModel
B ErrorFunctionZenerator
B Functioninducer
B Functioninducerdpt
B GenerateFunctioninducer
0 GetDefaultParamPoint
B GetParameterPointYalues
B ModelPredict

@ ] transform

@ 7 attribute

@ 7 hinning

@ ] surmmarization

&= T tahle

B ApplyTransformation
& [ vis

B BarChar2D

B EoxPlot

B ClusterBarChan2D

B ETFunctionPlot

B ETLinearRegression

B ETScatterPlot

B FilterBoxPlot

B LineGranh2D -




MODIS VI QA b1t layout

|-0-0-11-0-0-0-00-0011-01

«
| |5] |S|N{S|EE|EEEN]-

- VI Quality (00:1deal 81:CheckOherQA 10:Cloudy 11:NoProduct)

BE V1 Usefulness (0000:HighesiQuality 0001-1100:Descending Quality
k# 1101:NoAtmCorr 1110: LowestQuality 1111:NotUseful)

6|7 | Aerosal Quality @0:Climatology 01:Low 10:Average 11:High)

8| Adjacency Correction (@:No 1:Yes)

9| Atmosphenc BEDF Correction (@:Ne 1:Yes)

m‘ Miszed Cloud @:Ne 1:Yes)

- LandWater Flag (00:Ocean 01:Coast 10:Weiland 11:Land)
' Possible Snow/lce (0Ne 1:Yes)
. Possible Shadow @:Ne 1:Yes)

l Composite Method @:BRDF 1:CV-MVC) 20

Ref: http://edcdaac.usgs.govimodis/imodl3alv4.asp @




Quality Assurance/Quality Control Mask

Maek Sfajistics

|
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EVI Dataset
before
applying mask

EVI Dataset after

applying QA/QC
mask

White region
shows bad pixels
got removed due to
mask
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Mosaicking
EVI (h10v5)
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S Land Use/Land Cover
Included Land Covers

. Deciduous Fort ?’
. Evergreen Fore .

Mixed Forest

¥

Pasture/Hay

. Urban Grasses

Woody Wetlan
. Herbaceous W
Covers
ity Residential
sity Residential

al/industry/Transportation
[Sand/Clay

MR trip Mines/Gravel |=2>|;s
. Trans tional



Growing
Season for
the Blue Ridge
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Depth to Bedrock

Bulk Density Percent
Sand/SilVClay
% Clay % Silt
¢
S
'!II'I
f’j |
’ L T T

G i, 12 14 16 18 20 22 24 26 30 AWC (%)
140 1.84 1.5% 1.80 1.85 1.89 1.93 2.00 2.12 2.22 2.38 BulkDensity (g/cm3)
] 40 84 96 108 117 130 138 143 148 191 Depth to Bedrock

I 14 2% 27 3.0 35 42 47 6.4 12.8 24.1 feaheabid®
H 451 4.71 485 508 515 520 525 532 540 557 6.23 fi/hn)

# Permeatiiity




Aspect

Elevation

Distance to Nearest Stream

375 500 615 725 835 965 1105 1265 1475 2005 Elevation (m)

75

40 Slope
7.5 11.0 (egrees)

200 300 400 500 600 700 8(1)0 1130 3300 Distance to Neare
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April

July August September

Precipitation (mm)

2.15

3.15 3.46 3.78 410 4.41 473 5.04 8.48
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I April l May I June | July | August September

Incoming Shortwave Radiation Flux (W/m?2)

198 206 215 224 233 242 251 260 269 278 287
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: x
1‘!' ;
April May June July August

Two-Meter Daytime Temperature (°C)

September

115 132 149 166 183 20.0 21.7 234

25.1 26.8

28.6
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Regression tree indu

ction i1s used to model the

dependence of the vegetation greenness on
physiography and hydrology

INPUTS \

Elevatio
nSlope
Aspect
Distance to nearest stream
Compound topographic index

Percent sand/silt/clay

i f

Bulk density
Permeabilit
y Available water content
Bedrock depth
pH

Precipitation
Shortwave radiation
Longwave radiation
Daytime air temperature

April
OUTPUT ; ;
June July

Nighttime air temperature

Land cover /

i 4

August September



Regression tree terminology

Level 1

E>735

E>970

—

E>1170

Level 2

Level 3

E>1335 E<1335
wy =0.381 y, =0.436
o =0.043 ¢, =0.040

Level 4

—

E<1170 NT>151

BD>1.95) BD=<1.95

ty =0.451) u =0.478 Pasture/Hay Pasture/Hay wy =0.551 ) =0.528
Oy =0.044) 0, =0.041 4, =0528 u,=0498 oy =0.045 o, =0.046

E<970

—

E > 840 E <840
. =0.515 y =0.537
oy =0.041 g, =0.043

u =0.601 1, =0.558
oy =0.054 ¢, =0.048

N =0.526 y,=0511
oy =0.048 ¢, =0.054

May EVI
0=0.048
E<735 NOde
| I <« Branch
|
S$S>6.2 S$<6.2
| | I | Depth
NT<151 DT>21.0 DT<21.0 P>4.0 P<4.0
SW>260 SW=< 260 S$>3.2 S=<32

LC =

| |

LC#

oy =0.045 ¢, =0.044

Leaf

Node

DT>19.8 DT=1938

1 Iy

1

LW > 350

LW < 350
N = 0.556 fu = 0.527

o = 0.060 |, = 0.053

Split
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0.71

0.51

0.31
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Overall RMSE,

Overall tree error vs. depth

0.055

| —o— April May _ @ June
L\ July A August September
0.050 -

A

g

]
s

0.030

Depth

20

37



To compute relevance of an attribute...

Variable
May EVI Count
| 0=0.048 |
E>735 E<735 Topo =1
E>1170 E<1170 NT>151 NT<151 DT>210 DT<210 P>40 P<40 Topo = ]é
Meto =

38



[ D Y [ R )
n
Rv=» == —> |RDy= VR
- 2 1 EV Y
. J . J
1 2 1 3 1.677
Riopo = (20 h)+ (él )2)+ @2 }3)+ @3 )4)=1.677 A RDiopo = > 083 ——— = 80.5%
1 0.031
Reoil = @)— =0.031 RD..jj = ——= 1.5%
4) 2.083
1 > 0.031
R|U|C = ‘@)Z)= 0.031 RD|U|C 5 083 ———= 1.5%
0.344
=0.344 RD 16.5%
Rrmete = (22 13) (23 14) mete = 5 nan = 0

z _ 2083 E ~100.0%
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Spatial Relative Dominance Index

A

Soil
Properties

July o August .
ﬁ % September |g

Topography
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Data for
Continental
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Enhanzed Vegatatian indas

Compaund Topographic Index
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Scalable Regression Trees: Summary Performance Statistics
(USA 1km prediction - June EVI)

Error by Level
(1km June EVI Continental USA)

0.12 -

011 %

0.1

0.09 N\

0.08

estimated error std
L3
0

0.07

0.06 v

0-05 I I I I I I I I I |

# of levels

—e—training error std validation error std 45

training linear regression = validation linear regression




Meteorology

Saoil Topography
Properties



Clustering Analysis over
Continental US (1 KM resolution)

a7



MODIS Data Spatial and Temporal Resolution

Feature Projection Resolution Geospatial Time Period
Name (meters) data type used
(days)
EVI/ NDVI Sinusoidal 500 Grid 16
LAl / FPAR Sinusoidal 1000 Grid 8
LST/ Sinusoidal 1000 Grid 8
EMISSIVITY
SNOW Sinusoidal 500 Grid 8
COVER
ALBEDO Sinusoidal 1000 Grid 16

Final Spatial Resolution: 1000m
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0.97

0.82

0.67

0.52

0.37

2

0.2

0.07




August

Emissivity 53



, LST Day @4)
220 239 258 277 296 315 334
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September

296

LST NighgK)



Minimum Mean Square Error Vs. Number of
Clusters (US Continent, May 2004)

Minimum MSE
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No of clusters
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Eco-region level

clusters
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Eco-region level |l

clusters
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Summary

Current TRL 5, Target TRL 6 by Sep’06 5= -

« Architecture for integration remote sensing and GIS
data for data mining applications

 Ability to perform detailed (pixel-by-pixel)
Investigations in space-time domain

— Dependencies over multitude of variables can be
analyzed

« Ability to analyze very large domains with using very
fine resolution data

e http://cee.uiuc.edu/research/hydrology/hydroinf_Intro.html
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